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2.1. Bubble size measurement in the conduit 
,Q WKHH[SHULPHQWD URXQG WUDQVSDUHQWSOH[LJODVVSLSHZDVXVHG WRYLVXDOL]H WKHEXEEOHVL]H ,QRUGHU WR IUHH]H WKHEXEEOH
PRWLRQZLWKEDFNLOOXPLQDWLRQD$6752%27$&HOHFWURQLFVWURERVFRSHZDVXVHG7KHPDLQVSHFLDOW\RIWKLVGHYLFHLV
WKDW LW FDQ PHDVXUH DERXW  USP VSHHG ZLWK  DFFXUDF\ ZLWKLQ  V IODVK GXUDWLRQ ,Q RUGHU WR FDSWXUH WKH EDFN
VFDWWHUHG LOOXPLQDWHG LPDJHV D' KLJK SHUIRUPDQFH VLQJOH OHQV UHIOH[ 6/5 GLJLWDO FDPHUDZDV XVHG:LWK DPD[LPXP
PDJQLILFDWLRQUDWLRRI;PDFURSKRWRJUDSKVZHUHWDNHQE\D0LFUR1LNNRUPPIPLFURUHYHUVHOHQV7KLVPLFUR
UHYHUVH OHQV XVHV DQ LQWHUQDO KHOLFDO IRFXV PHFKDQLVP +RZHYHU WKLV KLJKO\ UDWHG OHQV LV QRW HQRXJK WR REWDLQ WKH GHVLUHG
PDJQLILFDWLRQ UDWLR 7KXV D %HOORZ XQLW 1LNRQ 3% ZDV XVHG IRU KLJKHU PDJQLILFDWLRQ ZKLFK FRPELQHV WR SURGXFH D
PDJQLILFDWLRQ UDWLR XS WR ;; 7KHUH DUH VHYHUDO SDUDPHWHUV VXFK DV FHQWURLG RI HDFK EXEEOH HFFHQWULFLW\PLQLPXP D[LV
OHQJWK PDMRU D[LV OHQJWK PLQLPXP GLDPHWHU PD[LPXP GLDPHWHU DQG WKH DUHD DYHUDJH EXEEOH PHDQ GLDPHWHU ZKLFK ZDV
H[WUDFWHG E\ WKH ILOWUDWLRQ RI KLJKO\ GHQVH EXEEOH SRSXODWLRQ  7KH KLJKO\ GHQVH EXEEOH SRSXODWLRQZDV ILOWHUHG E\ XWLOL]LQJ
0$7/$%FRGH,WLVHVWLPDWHGWKDWWKHEXEEOHVL]HPHDVXUHPHQWXQFHUWDLQW\ZDVLQWKHUDQJHRIP

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2.2. Average void fraction measurement in the conduit 
,Q WKH IHHGLQJ FRQGXLW D EDOO YDOYHZDV FRQWUROOHG SQHXPDWLFDOO\ WR VXGGHQO\ FORVH D VHFWLRQ  FP LQ OHQJWK'XULQJ
FORVLQJ WKH V\QFKURQL]DWLRQ WLPHEHWZHHQ WKH WZRYDOYHVZDVDERXWPV LQDYHUDJH7LPH WRRN WRFORVH WKH WZRYDOYHVZDV
DERXWPV)RUDLUWROLTXLGPDVVUDWLRRIDQGWKHV\QFKURQL]DWLRQHUURUEHWZHHQWKHYDOYHVZHUHDQG
UHVSHFWLYHO\&RQVLGHULQJXPLV WKHPL[WXUHYHORFLW\Į LV WKHYRLGIUDFWLRQDQGOF LV WKHFORVLQJ OHQJWK WKHV\QFKURQL]DWLRQ
HUURU FDQ EH EDVHG RQ WKH HTXDWLRQ RI > XPWDFĮ@>OF Į@ 'XH WR HQKDQFHG PRPHQWXP LQ WKH IOXLG IORZ KLJKHU
V\QFKURQL]DWLRQHUURURFFXUVDW$/5,QRUGHUWRFDSWXUHWKHZDWHUSKDVHLQDSDUWLFXODUVHFWLRQFPLQOHQJWKRIWKH
IHHGLQJFRQGXLWFPLQOHQJWKWKHEDOOYDOYHZDVFORVHGUDSLGO\7KHYRLGIUDFWLRQFDQEHFDOFXODWHGH[SHULPHQWDOO\LIWKH
YROXPHRIVHJPHQWHGVHFWLRQEHWZHHQWZRYDOYHVDQGWUDSSHGZDWHUYROXPHLQWKHVDPHVHFWLRQDUHNQRZQ
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WKHRXWOHWRIWKHQR]]OHVUHVSHFWLYHO\













)LJD:DWHUYROXPHIUDFWLRQDWWKHRXWOHWRIHDFKQR]]OHE0HDQEXEEOHGLDPHWHUDWWKHRXWOHWRIHDFKQR]]OH

,WFDQEHVHHQIURP)LJDWKDWQR]]OH1KDVDPXFKORZHUYROXPHIUDFWLRQLQWKHFHQWUHRIWKHQR]]OHWKDQ1RU17KLV
VXJJHVWVWKDW1GHYHORSVDQQXODUIORZZKLOH1DQG1KDYHPRUHXQLIRUPDLUDQGZDWHUGLVWULEXWLRQVZLWKWKHPDMRULW\RIWKH
SLSHFURVVVHFWLRQVKDYLQJDZDWHUYROXPHIUDFWLRQRIDSSUR[LPDWHO\

  
 
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:DWHUYROXPHIUDFWLRQ :DWHUYHORFLW\PV
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
,WLVHYLGHQWIURP)LJEWKDWQR]]OH1KDVDPXFKKLJKHUZDWHUIORZYHORFLW\ZKHQFRPSDUHGWR1DQG17KLVIXUWKHU
VXSSRUWV WKH LGHD WKDW WKHZDWHU IORZ LV DQQXODU ,Q DQQXODU IORZ WKH DFWXDO GLDPHWHU DYDLODEOH IRU WKH DLU WR IORZ WKURXJK LV
FRQVWULFWHGGXHWRWKHZDWHUIORZRQWKHRXWVLGHRIWKHSLSHFDXVLQJDLUYHORFLW\WREHPXFKKLJKHULQWKHFHQWUHRIWKHSLSHWKDQ
ZKHQ WKHDLU DQGZDWHUYROXPH IUDFWLRQVDUHPRUH HYHQO\GLVWULEXWHG7KHZDWHU HQWUDLQHG LQ WKH DLU FRPHV WRKDYH WKH VDPH
YHORFLW\,WFDQDOVREHREVHUYHGIURP)LJEWKDWWKHZDWHUQHDUWKHSLSHZDOOLVPRYLQJDWDPXFKVORZHUYHORFLW\IRUDOO
WKUHHQR]]OHGHVLJQ7KLVLVGXHWRWKH³QRVOLS´ZDOOVSHFLILFDWLRQZKLFKFDXVHVWKHZDWHUYHORFLW\WRGURSRIIVKDUSO\DVWKHZDOO
LVDSSURDFKHG$QRWKHUREVHUYDWLRQWKDWFDQEHPDGHIURP)LJELVWKDWQR]]OHGHVLJQ1KDVDPXFKORZHUYHORFLW\ZKHQ
FRPSDUHGWR17KLVFDQEHDWWULEXWHGWRWKHIDFWWKDWQR]]OH1KDVDQRXWOHWGLDPHWHUDOPRVWWZRWLPHVODUJHUWKDQQR]]OHV1
DQG1PPYVPP7KLVH[SODLQVWKHPXFKORZHUZDWHUYHORFLW\REVHUYHGLQ)LJEZKHQFRPSDUHGWR1

 
)LJ0HDQEXEEOHGLDPHWHUDWWKHRXWOHWRIHDFKQR]]OH

7KHPHDQEXEEOHGLDPHWHUSURILOHDORQJWKHUDGLDOGLUHFWLRQRIWKHQR]]OHRULILFHLVSUHVHQWHGLQ)LJ)URPWKLVILJXUHLWLV
HYLGHQWWKDWWKHPHDQEXEEOHGLDPHWHUGHFUHDVHVZLWKLQFUHDVLQJUDGLDOGLUHFWLRQLQDOOWKHQR]]OHV0RUHRYHU)LJVKRZVWKDW
WKHQR]]OHGHVLJQRI1SURGXFHVVPDOOHUEXEEOHGLDPHWHUVZKHQFRPSDUHGZLWK WKHQR]]OHGHVLJQVRI1DQG1 ,QFUHDVHG
WXUEXOHQFHLVSURGXFHGLQWKHQR]]OHGHVLJQRI1GXHWRWKHPXOWLSOHFRQYHUJLQJGLYHUJLQJVHFWLRQVQRWIRXQGLQQR]]OHV1RU
17KHHQKDQFHGWXUEXOHQFHKHOSVWREUHDNXSWKHODUJHUEXEEOHVLQWRVPDOOHUEXEEOHVDQGWKLVKHOSVWRGHFUHDVHWKHEXEEOHVL]H
LQWKHQR]]OHGHVLJQRI1

&RQFOXVLRQV

7KLVQRYHOUHVHDUFKJLYHVDFRPSDULVRQRIWKHHIIHFWVWKDWQR]]OHVKDSHFDQKDYHRQRXWOHWEXEEOHGLDPHWHU7XUEXOHQFHLVD
NH\IDFWRULQGHWHUPLQLQJEXEEOHVL]HDQGJHQHUDOO\WKHPRUHWXUEXOHQWWKHIORZWKHVPDOOHUWKHEXEEOHVL]HZLOOEHDWWKHRXWOHW
)RUDIL[HGPDVVIORZUDWHLQFUHDVLQJWKHQXPEHURIGLYHUJLQJFRQYHUJLQJUHJLRQVLQWKHQR]]OHZLOOOHDGWRKLJKHUWXUEXOHQFH
DQGVPDOOHUEXEEOHVL]HV1R]]OHVWKDWRQO\FRQYHUJHZLOOWHQGWRSURGXFHODUJHUEXEEOHGLDPHWHUV

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